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I. INTRODUCTION. 

The Darling Hear]) which forms the western edge 1 of the Darling Plateau 
has generally been regarded as a fault scarp (Saint-Smith, 1912, |>. 70; Jut- 
son, 1912, p. I t!) and 1934, p. 8(1) but closer examination of some critical 
areas in recent years throws some doubt on this hypothesis. Thus the slaty 
rocks at Armadale considered by Saint-Smith (1912, p. 71) to he evidence 
of the Darling- Fault have, on closer examination (Pricier, 1941, p. 52), 
yielded evidence, that the earth movements recorded in these rocks are exactly 
the opposite of that required hv the Darling ‘‘Fault’ - A characteristic 
feature of the Darling Scarp in tin* vicinity of Perth is a laterite-eovered 
shelf at an elevation of approximately 200 feet above sea-level (Woolnough, 
1920, p. 16) which 'Woolnough calls the Ridge Hill Shelf and which ho 
considers is a step-faulted portion of the high- level laterite (Darling) 
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plateau and thus confirmatory evidence of Hie Darling Fault which lie sup¬ 
poses is a stop fanil. Further, in his article “The physiographic significance 
ol. latoritc in Western Australia’’ (1018, p. 1.190) he puts forward the general 
conclusion that ” extraordinary differences in laleritc level in adjacent areas 
indicate block faaltiny citing - as evidence the laterite-eoveml Ridge Hill 
Shell, These conclusions appear to he based on the supposition that the high- 
level lateritc on the Darling Plateau which is exposed at an elevation of 
approximately 700 feet on Gooseberry Hill to the east, of the Ridge, llill Shelf 
is the same as the lateritc covering the Ridge Jlill Shelf (at an elevation of 
approximately 250 feet). Xo detailed investigation of these laterites has pre¬ 
viously been made aud in order to tost WoolnonglTs conclusions and to 
oblain further information about the vexed question of the origin of the 
low-level lalci'ilo and of' the Darling- Seal']) a detailed survey of an area 
ol approximately two square miles in the vicinity of Ridge Hill has been [ 
made by senior students ol the Department of Geology of the University ( 
yi Western Australia working under the author’s guidance. In the course 
ot this survey (made in part by plane table - telescopic alidade and in part 
by chain-compass-haroinetev methods) further study was made of the Pro- 
Cambriau complex of the Darling Range, a group of previously unrecorded 
sedimentary rocks was discovered, the relationships of the high- and low- 
level laterites were examined and an investigation into the origin of the ex¬ 
tensive sand areas fronting the Darling ,Scarp was made. The present paper 
sets out the results of these investigations. 


IT. PHYSIOGRAPHY. 

Tile area examined is situated oil the south side of (he Helena valley 
adjacent to the western boundary of the Darlington Area (Clarke and Wil¬ 
liams, 1920, plate XXIIr). It lies entirely on the Darling* Scarp and ex¬ 
tends from the high-level plateau, outliers of which occur in the. south¬ 
eastern corner of the area, almost to the fiat, Iow-lving country of the coastal 
plain to the west. It therefore covers the area, represented on Woolnougli’s 
generalised section (1920, p. 20) from the Darling Plateau to the Swan 
Coastal Plain in the same way as tin* area mapped at Armadale (Prider, 
1941) covers a somewhat similar generalised section of the Scarp approxi¬ 
mately 15 miles to the south of Ridge Hill which has been published by 
Woolnough (1918, p. 391). 

The main characteristics of the Darling Scarp have been sufficiently 
described by previous authors (see for example Julson, .1934, pp. 84-87) 
and require no further consideration here, and attention will he confined 
to the topographic features of Ihe Ridge Hill area itself. 

The Drama ye Pattern .—The Scarp is dissected by: (a) the westerly 
flowing streams, the Helena River and Farrants Creek, which are conse¬ 
quent streams owing their development to uplift of the Darling Plateau 
to the east; (b) minor streams flowing approximately parallel to the scarp 
which have produced the dissected foothill zone mentioned bv \Yoolnoii° , h 
(1920, p. 15). Such streams are Stathams Creek draining - into the Helena 
to the N.X.E. and the tributary of Farrants Creek draining to the S.S'AY. 
These appear to lie subsequent streams (Clarke, Prider and Teiehert, 1944, 
p. 78) whose direction has been determined by the N.N.E. strike of the 
shear structures in the granitic rocks and also by the presence of opi- 
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diovite dykes. The divide between these two streams, at 15 chains south 
of Ridge Hill siding, is occupied by an epidiovite dyke. 

The role that the epidiorite dykes play in the development of these 
minor topographic features of the Darling Range is of interest. In most 
places in the Darling Scarp area the granitic rocks are more resistant 
to erosion than the basic dykes which are generally represented by shallow 
depressions (text tig. 1A) or llattened areas on otherwise uniform slopes 



Text fig. 1. — Relative resistance to erosion of granitic rocks and basic dykes In 
the Darling Ranges : 

A. Diagrammatic sketch plan of granite ridge at Armadale (not to scale) 

showing that dolerite dykes occupy the saddles in granite ridges. 

B. Diagrammatic sketch section (not to scale) of upper part of the Darling 

Sc*arp at Ridge Hill showing minor flattened benches which are under¬ 
lain by epidiorite dykes. 

C. Diagrammatic sketch section (not to sc'ale) of geological structure of 

ridges in the Toodyay District showing that although ridges are cored 
by dolerite dykes there is a shallow central depression. 

(Branitic rocks are indicated by crosses, basic dykes by arrow heads and 
laterite by circles.) 

(text fig. IB). Similarly at Toodyay a most noticeable feature is that 
the main ridges in the granite gneiss areas have a central core of dolerite 
hut the crest of such ridges has a shallow central depression over the 
dolerite dyke (text fig. 1C). It is evident, therefore, that in the Darling 
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Range area the basic dykes are less resistant to erosion than the adjoining 
granite and not more resistant as indicated by Aurousseau and Budge 
(1921 p. :i:>) and Clarke and Williams (1920, p. 107), but at the shine 
time they have contact metamorphosed the adjoining granite slightly thus 
rendering it more resistant to erosion than the unaffected granite at some 
distance from the basic dykes, thus accounting for the anomalous behaviour 
of the less resistant basic dykes forming the ridges. This observation 
of the relation of topography to the less resistant dykes is of some import¬ 
ance in geological mapping in the Darling Range area—if shallow gullies 
or depressions are examined more closely it will generally be found that 
the underlying rock is either basic dyke rock or else sheared granite. 

The Darling Plateau capped by the high-level laterite is exposed in 
several outliers of the plateau in the south-east comer of the area. These 
outliers are llat-topped and surrounded by breakaways (Clarke, Prider 
and Toicherl, 1944, p. GO). 

The Ridge Hill Shelf forms almost the entire western part of (he map¬ 
ped area. To the north-west of Ridge llill siding if is laterite-covered 
at an elevation of 250 feet above sea level and from bore it slopes down 
gently and uniformly to the west where it passes eventually into the flat 
eoasa! plain, ft is immaturely dissected in the north-west part of the 
area by north-flowing tributaries of’ the Helena River which Hows almost 
parallel to the northern boundary of the mapped area and at some 10 to 
20 chains to the nor 111 of it. 

As noted above, Wool no ugh considers this shelf to be the top of the 
downfaulted laterite-capped Darling Plateau but evidence will he put for¬ 
ward later in this paper which indicates rather that this shelf is actually 
an erosion feature such as a wave-cut bench and bears no relation to the 
Darling Plateau. 

Clarke and Williams (192G, p. 107) have recognised high-level terraces 
in the Helena Valley just to the east of the Ridge Hill area. These terraces 
fall into two series, one lying at about 450 feet, the other at about 250 
feet above sea level. The 250 feet series mav be represented in the Ridge 
Hill area bv the Ridge Hill Shelf and the 450 feet series by the flattened 
spur south from Stathauis quarry, but otherwise these terraces cannot be 
detected in this area- The flattened spurs both in the Darlington area 
(with the exception of the terrace on which the village of Darlington 
stands) and above Stathams quarry are cored with epidiorite dykes. As 
has been noted above the epidiorites are less resistant to erosion than the 
granitic rocks—is it possible therefore that these flattened spurs or 
terraces are due to the differential erosion of weakly resistant epidiorite, 
more resistant granite and most resistant contact altered granite as indi¬ 
cated in text figure 1, rather than to two periods of still-stand during 
the uplift of the Darling Plateau? 


nr. GEOLOGY. 

A. FIELD DISTRIBUTION AND RELATIONSHIPS OF THE ROCKS. 

The diagonal joining the north-east and south-west corners divides 
the area conveniently into two parts. To the east and south of this line 
the rocks are those of the Pre-Cambrian granitie complex with associated 
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epidiorite dyke-, which i> overlain in the extreme south-east corner by 
tlie high-level laterite. To the north and west of this line tlie surface is 
covered by younger sedimentary rocks—a thin series of ferruginous sand¬ 
stones and conglomerates—which, in the northern dissected part of the 
area, can be -eon lying unconformab]y on the Pre-Cambrian rocks. This 
ferruginous sandstone series is in turn overlain by a thin crust of laterite 
and is bounded to the wen by sandplain country which slopes gently and 
uniformly down to the coastal plain still farther west. An attempt has 
been made in the course of the mapping to differentiate between actual 
outcrop of the ferruginous sandstone series, the detritus (talus) derived 
from the weathering of this series, the sandy and pebbly soils overlying 
the ferruginous sandstones and low-level laterites, and the sandplain 
country underlain by yellow sand. The areas occupied by these various 
formations are indicated on the accompanying geological map (Plate 1). 

13. THE IHiE-CAM 13KIAX ROCKS. 

These include granites, sheared granites (serieite schist), cpidiorite 
and quartz veins. 

(1) 7 hr Grmnirs are the basement rocks and form a complex of two 
main types—a coarse-grained porphvritie type with a slightly gneissic 
structure, and a liner even-grained type with no trace of banding. In 
addition end-phase pegmatites (graphic mic roc line pegmatites) are also 
to he found. It was found impossible to map the two different types of 
granite separately but the relations between lhe two can he clearly seen 
in Hie freshly exposed surface's in Stadiums quarry. In the south-western 
corner of thi* quarry large angular xeuolithic blocks of the coarse-grained 
porphvritie and slightly gneissic granite occur in the massive (inev-grained 
granite, thus indicating that tin* latter is the younger. 

The younger of these two granite* exposed in Stathams quarry is very 
similar to the Younger Granite of Panning Ham which has been fully 
described in an earlier paper (Prider, H4o ? p. 112) and no further petro¬ 
graphic details are required here. There is, however, some difference 
between the older granite of Stathams and the hybrid gneisses (Older 
Gtunite) of Gunning Dam—the Older Granite from Gunning Dam generally 
has a mignmtilii* slrnctnre and \< free from microcliiie whereas (lie older 
g r ranite pha.se at Stathams has no miguiatitie structure and contains 
abundant inicrocline. It is similar in minernlogiral composition to the 
younger granite but diflers from it in being much coarser-grained and 
.-lightly gneissic. Phenoerystal inicrocline in well-shaped crystals to one 
cm. or more diameter i* an abundant constituent and the peripheral zone 
one or two mm. with* of such pliouoerysts consists generally of luiero- 
pegmatile. The uiicroelines contain inclusions of sericit Ded oligoclase and 
clotted biotitc Hakes which are the most abundant constituents of the 
gronndmass. Tin* slight gneissoid structure of tiicsc granites is due to the 
Mib-parallel Mow orientation of the inicrocline plienocrysts. In some places 
this primary Mow structure is very well developed, o.g\, at 17 chains 
south-east from the centre of Stathams quarry it strikes bo 0 . 

In view of the close similarity in mineialngical composition of the 
fine-grained granites and coarse-grained gneissoid granites of the xeno- 
lifhs it appears most probable that they both belong to the same magma 
vthe Younger Granite magma) and Ilia! the xcnolitlis represent an earlier 
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crystallised tlow-buuded eru-4 which lias been fractured and tin* resultant 
blocks incorporated into the residual marina. There does not appear to 
Ire studi a long time gap between the two granites at Sttttlianis as there 
is at (’aiming Dam (Prider, 1945) and Armadale (Prider, 1041) and both 
appeal - to belong to the same main period of granite intrusion (the Younger 
Granite) the parent magma being of syntactic origin as outlined in the 
Canning Dam paper (Prider, 104"), p. 140). 

(2) The Serieite schists .—AH the granites of this area show, on micro¬ 
scopic examination, the effects of considerable stress in the form of crushed 
quartz ami quartz with undnlose extinction. The stress has been localised 
in certain zones along - which the granite Inis been converted into sen cite 
schist. These shear zones (see geological map) are distributed fairly uni¬ 
formly throughout the area and all -trike in a N.N.K. direction and dip 
steep y to the east. The best developed of these shear zones is exposed in 
the railway cutting near the 18-mile peg. The cleavage, .surface-- of the schist 
from this well developed shear zone are traversed by innumerable minute 
corrugations which are arranged horizontally—unfortunately those tiny drag 
structures are not sufficiently well developed to enable any positive deter¬ 
mination of the mi lure of the earth movements responsible for the shearing. 
Since these corrugations are arranged horizontally the movements appear 
to have been dominantly vertical. 

There is considerable divergence between the N.X.K. direction of tlio-e 
shear zones and the almost duo north trend of the Darling Scarp which in- 
dieat s that these shears hear no relation to the supposed Darling Fault. 

(8) Quart: reins. — Those have been noted in several places. They have 
a general trend parallel lo the shear zones and their direction has evidently 
been controlled by the earlier imposed shear pattern. The occurrence am! 
petrology of the quartz veins and shear zones in the Darling Scarp have bee)] 
sufficiently dealt with in previous publications (Clarke and Williams, 1926, 
p. 174; Prider, 1941, p. 48; Davis, 1942, p. 25b) and require no further 
consideration here. 

(4) The basic /h/tes also have a general XLX.F. trend following the 
structure of the granites. There appears to be one age only represented 
and all Iho specimens examined prove to bo cpidiorites consisting t-sscntially 
of librous livable ( re-crystallised around the borders of the aggregates to 
prismatic blue-green hornblende) and plagiocla.se with smoky appearance. 
Relicts of opbitic texture and the presence of eud-plmsc micropegmatite 
point to a dose relaliousliip of these cpidiorites with the quartz dolerites 
in other more distant parts of the Darling Range. This matter has been 
dealt with more fully in a previous paper (Prider, 1948, pp. 48-84). 

The cpidiorites have been quarried at Stathams for road metal and 
concrete aggregates. In the exposures in the quarry basic pegmatite segrega¬ 
tions may occasionally he found and the occurrence of stilbite has been re¬ 
corded by Simpson (1910, p. 8(1 and 19.81, p. 86) from zeolite calcite veins 
at the edges and also in the centre of the main dyke in Stathanfs Quarry. 

c. the eater rocks. 

The Later Rocks include the ferruginous sandstones and conglomerates, 
the high- and low-level laterites and the yellow sands of the sandplain form¬ 
ing rn apron in front of the scarp. 
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(1) Ike ferruginous sandstone series forms a thin cover on the Ridge 
Hill Shelf where it lies unconformably on highly kaolinised granites. The 
miconformity is an nnclulating surface (see text fig. 2). The eastern contact 
ot this series with the granite trends in a northeasterly direction and thus 
hears no relation to the supposed Darling* Fault which trends due north. 
In the north-west part of the area small streams have cut down through 
this series to expose the underlying* Pre-Cambrian rocks to the west of the 
ferruginous sandstone outcrops. 



Text fig. 2,—S.W.-X.E. section of South side of Helena Valley from the Helena 
Valiev to the Ridge Iiiil shelf showing unconformity between the ferru¬ 
ginous. sandstone series (sandstone underlain by conglomerate and overlain 
bv low level laterite) and the Pre-Cambrian (granite and epidiorite). 

The series consists mainly of feiruginous sandstones underlain in places 
by boulder conglomerates. Outcrops of the boulder conglomerates occur 
at GO chains N. 10° E. and 07 chains JP 5° \V. from Ridge Hill Siding*. The 
slopes below the outcrop of ferruginous sandslune in the northern part of 
the area are strewn with well-rounded waterworn boulders which appear to 
have been derived from this conglomerate. These boulders have not been 
found in other parts of the area suggesting that the conglomerates are con- 
lined to that part of the ferruginous sandstones closest to the present. Helena 
River. Since the known outcrops of conglomerate are at levels below the 
sandstones and are confined to the small area lying to the south of the Helena 
River it appears that they form a localised basal layer in the sandstones 
probably indicating an old stream channel or narrow embayment in the 
coast. It is interesting to note that Fletcher and Hobson (19.12) have 
described a similar occurrence of ferruginous sandstone with rounded quartz 
pebbles underlying a low-level laterite in the Swan Valley at Upper Swan. 
This deposit they refer jo as the “Older Alluvium”. It occurs at an elevation 
of from 250 to 300 feet (the same as the Ridge Hill ferruginous sandstones). 

(i) The conglomerates at Ridge Hill consist mainly of boulders and 
cobbles of granite, epidiorite and quartz, up to 18 inches diameter. All 
arc strongly rounded and one water-worn granite boulder cnHocrod from 
a spot G5 chains N. 10° E. from Ridge Ilill siding is a perfect ellipsoid 
of revolution with major diameter 11 inches ami minor diameter five 
indies. This has the appearance of a beach boulder but it is doubtful 
whether such shape is indisputable proof of beach action (Went 1 worth. 
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1922, p. 82). Tin* t'ae) 11 1 at tlie bouklev beds are confined to ;t compara¬ 
tively small area seems indicative ol' either a tlu via tile origin or as an 
accnmnlalion of beach boulders in a small bay. From the degree of 
rounding of the sand grains in the associated sandstones fto be described 
presently) the possibility of lluvintile origin seems remote. It appears 
most probable that these boulders were derived by direct marine abrasion 
of the nearby coast which was made up of these Pre-Cambrian rocks since 
the rock types noted amongst the boulders can be matched with the rocks 
in the Ridge Hill area. 

{ii) The sandstones form the bulk of the exposure of this series. 
They are reddish in colour, have no bedding, are unfossilifevous and no 
certain means exist of accurately determining their geological age. They 
contain occasional water-worn quartz pebbles which are well-rounded and 
in -mile instances highly polished. The sand grains are almost, entirely 
quartz and two types can be distinguished: — (a) grains with a rough 
irregular surface which nevertheless shows signs of considerable abrasion 
ami (b) smoolh-siirfaced rounded grains with dull to polished surface 
textures which appear to be the result of a polish superimposed on earlier 
frosting. ( Ye.-ccntic percussion marks are generally well developed on 
the larger grains. A specimen (2271)8) of this ferruginous sandstone from 
three feet below the low-level laterite capping on tlu* Ridge Hill Shelf 
was disintegrated by boiling in IIC1 and mechanical-, heavy mineral-, and 
shape- analyse- of the insoluble residue (70 per cent, of the sample) were 
made. The results of these analyses are set down in Table Til and in 
Column I) of the histograms of ligares live and six. The results of a 
chemical analysis of this specimen are recorded in Table I and the heavy 
mineral analyses are shown in Table V. 

The main features disclosed by these analyses are:— 

(a) The mechanical analysis (by hand sieving with Tyler screens) indi¬ 
cates that the insoluble material is fairly well graded, 48 per cent, lying be¬ 
tween and l .) mm. diameter and 20.5 per rent, lying between '/i and 
■Vs mm. diameter. No significance should he attached to the relatively high 
(11 per cent.) proportion which passed 250 mesh (i.e. less than 0.001 mm. 
diameter) as microscopic examination shows that it consists largely of broken 
tuberose fragments of white material which, because of its ii regular and 
branching forms, appears to he an authigenic mineral unrelated to the 
original dclrital sand grams. This material is isotropic with refractive index 
varying between 1.52 and 1.54 and the refractive indices do not vary after 
ignition. It is insoluble in 11CI and stains readily with malachite green. It 
therefore appears to he either montmorillonite or a dehydrated alumina-silica 
gel with A1..0. : SiO a =l : 2.8 (Spliehal, 1922, p. 288) and in view of its tube¬ 
rose nature more probably the latter.* The A1..0., : SHI. ratio of approximately 
1 :3 is confirmed by tin* chemical analysis of the rock (Table 1, column 1) 
which shows that the rock contains alumina and combined silica in the mole¬ 
cular ratios 31 : 90. This material forms practically all of the minus 250 mesh 
fraction (14.2 per cent.) and approximately half the 115-250 mesh fraction 
(3.6 per cent.) but very little was present in the coarser grades and if this 


*Mr. A. J. Gaskin lias recently (1947) made it 1 hermit I examination of tlie clayey frac¬ 
tion of two soil samples from over the ferruginous sandstones and low-level lateritcs and 
finds from the thermal data that they contain liinonite and kaohnite (much of which 
\ - semi-amorphous) with a possibility that a nine gibbsito is also present. 
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material he disregarded it will he seen that the actual detrital material is 
well graded, f)2 per cent, lying between Vs and ]A nun. diameter. 

(b) Heavy mineral analyses were made of the three lines!, grades, the 
material passing 250 mesh being .separated by centrifuging. The light 
fractions consist entirely of quartz with the alumina-silica (allopbanoid) 
mineral. The heavy fractions were further separated into magnetic and 
non-magnetie fractions, the magnetic fraction (largely ilmenito) in each 
grade forming approximately 75 per cent, of the heavy fraction. The 
heavy minerals identilied are recorded in Table V and of these zircon is the 
most abundant of the non-opaques and is worth further mention as there 
are two distinct varieties present, the predominant type in both the fiO-115 
and 115-250 mesh fractions being’ perfectly rounded and colourless, the other 
type being slightly worn to perfectly ouhedrnl colourless to purplish zoned. 
This is indicative of derivation of the detrital material from two different 
parent rocks such as an igneous rock (e.g. granite) to yield the ouhedrai 
zircons and a sedimentary or motasedimentary rock to yield the well-rounded 
zircons (roundness 0.9) which have undoubtedly passed through more than 
one cycle of erosion. Tin* association of these two types of zircon may in¬ 
dicate derivation in the one cycle of erosion from a distributive province 
of the nature of the present Toodyny area (Prider, 1944) which is situated 
in a belt of igneous and motascdinientary Pre-Cambrian rocks lying some 
MO to 40 miles inland from the Darling Scarp. 

(c) Visual projection roundness (Kmmbeim 1941) and sphericity 
(Rittenhouse, 1943) values were determined for tile light fractions of tin* 
3 0-32, 32-00, 00-115, 115-250 Tyler mesh grades. Tin* results (shown 
graphically in column 1) in figures live and six) indicate that 
the average sphericity in all fractions is approximately the same (0.83) and 
that the degree of rounding decreases with decreasing size but there is still 
appreciable rounding of some grains down to 0.124 mm. diameter. During 
the roundness analysis and subsequent examination of the surface texture 
of the grains it was evident that there are two distinct typo* of quartz sand 
grains present—a well rounded sol and another the grain* of which are 
much more angular although still showing considerable abrasion. The pro¬ 
portion of well-rounded to poorly-rounded grains increases with increasing 
grade thus: 


Grade ... 

•124--240 

•246-495 

•49.5—991 

mm. 

mm. 

1 

mm. 

% of well rounded grains 

5 

50 

90 


The occurrence of a small proportion of well-rounded grains in the 
Vs to Vi nun. grade seems indicative of the derivation of the detrital 
material from several different sources. The high proportion of well- 
rounded grains in the to 1 mm. grade indicates, however, very con¬ 
siderable abrasion during the last cycle of erosion and since this rounding 
is well marked down to the grains of \\ nun. diameter it mii^t be assumed 
(following Twenhofej, 19-15, j>, (Hi) that this final stage ol* abrasion must 
have taken place on a sea beach. The smaller well-rounded grains may 
he due to an admixture of *ome aeolian-transported sand with the beach 
sand, or may have been derived from some pre-existing sediment. Xo 
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sucJi sedimentary rocks are known to the east of the Darling Scarp, 
although there are metasedimentary rocks which could have yielded the 
well-rounded zircons but these rocks (mica schists and quartzites) would 
not yield directly the small well-rounded quartz grains since the quartz 
in these rocks has been completely recrystallised and in the rock occurs 
as irregular interlocking grains (Prider, 1944, p. 92). 

(d) The surface texture of the sand grains of the Hi to 32 ; 32 to 6G ; 
and 60 to 315 Tyler mesh grades was examined with the binocular micro¬ 
scope in dry mounts on a dark ground tor the quartz grjains and on a 
white ground for the heavy minerals, with the following results:— 

The 60 to 115 mesh grade (Vs to V* mm.) consists of approximately 
O’) per ceni. of rough irregular-surfaced grains with polished or fracture 
surface and live per cent, of smooth-surfaced rounded grains with polished 
surfaces which are often pitted but not frosted. The 32 to 60 mesh grade 
(hi to tjiniii.) contains rough- and sinooth-snrfaml grains in approxi¬ 
mately equal amounts. The smooth grains are well-rounded with polished 
(although somewhat pitted) surfaces—some gvain> show slight frosting 
and crescentic percussion marks are not uncommon. The rough-surfaced 
grains mostly show slight rounding and are all polished or bounded by 
vitreous-lustred fracture surfaces. In the 16 to 32 mesh grade ( l /o to 
1 mm.) there is a high proportion (approximately 90 per cent.) of smooth- 
surfaced grains which vary from dull to polished. Most of these grains 
have a matte appearance due to minute pitting but this is not a frosted 
surface but appears rather to he the result of a polish superimposed 
on earlier frosting. Crescentic percussion marks are generally well 
developed. 

Twenliofel (1945, p. 67) considers that frosting may be developed on 
quartz grains exceeding one mm. diameter on marine beaches but not on 
grains smaller than one nun. which can only be frosted by wind action. 
The above observations on the surface texture of the grains of the Ridge 
Hill ferruginous sandstone therefore are indicative of beach action. 

From these considerations of the mechanical constitution, degree of 
rounding of the grains and their surface textures it appears most probable 
that the detrital materials of these ferruginous sandstones and conglom¬ 
erates were deposited on a. sea beach ami are not Huviatile deposits. The 
basal conglomerate layer represents accumulations in a narrow embayment 
in the coastline existing at this time. The anomalous occurrence of 
pebbles and cobbles in the? sandstones is accounted for by the close proxi¬ 
mity to the east of the Pre-Cambrian landmass which yielded the detrital 
material, these boulders being the. result of marine abrasion and having 
sufiterod practically no transport except on the beach. 

Owing to the absence of fossils the geological age of the* ferruginous 
sandstone series is indeterminable. It may be either— 

(a) of Lower Cretaceous (?) age similar to the sandstones and 

leaf-hearing shales of Rullsbrook (Clarke, Prider and 
Teiehert, 1944, p. 275) which is situated on the Darling Searp 
some .16 miles north from Ridge Hill, or 

(b) later than the formation of the high-level laterite (Oliocene). 
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The Lower Cretaceous (?) .sandstones of Bullsbrook are lithologically 
similar to the Ridge Hill ferruginous sandstones, as they contain both 
angular and well-rounded sand grains. A detailed examination of the 
roundness and surface textures of the grains of the Bullsbrook sandstone 
has not yet been made. 

Text figure 7 illustrates diagraminatioally the structure of the Swan 
Coastal Plain on the assumption that the Ridge Hill ferruginous sandstone 
is of Lower Cretaceous age. It may be noted hero that Maitland (1919, p. 
6) records that the Helena River carries 22,000,000,000 gallons less past 
Midland .Junction per annum than it does further upstream near Green- 
mount where it is still on the Pre-Cambrian complex. It is probable there¬ 
fore that this water enters the Coastal Plain Artesian Basin through the 
ferruginous sandstone series. The unconformity between these Mesozoic 
and the Ixainozoic rocks of the Coastal Plain may be of the nature of an 
overlap. These ferruginous sandstones, extending along the front of the 
Darling Scarp, may therefore be the main channel from which water is dis¬ 
tributed to the various aquifers in the rocks, ranging in age from Lower 
Cretaceous to late Ixainozoic (Parr, 1938, p. 71), which underlie the Metro¬ 
politan Area but. so far as is known, do not outcrop. 

The period of formation of the present Ridge Ilill shelf is later than 
that of the high-level laterite which was probably Miocene according to 
Woolnough (1918). It was formed when the laterito-covered plateau area 
to the east had been elevated to approximately 40(1 feet above sea level, i.e 
present elevation of high-level laterite (700 feet) minus the elevation of 
the Ridge Hill Shelf (300 feet). If the ferruginous sandstone series be of 
Lower Cretaceous age then it represents an exhumed Lower Cretaceous 
shoreline with a wave-cut bench covered with marine sands; if of post- 
Miocene age then it is a marine wave—cut bench with a thin veneer of beach 
deposits which have subsequently been cemented by iron-bearing solutions 
into a ferruginous sandstone. 

(2) The Lai elites .—Laterite occurs at two distinct levels—the high-level 
laterite in the .south-eastern corner of the area at an elevation of 700 feet 
above sea-level and the low-level laterite on the Ridge Hill Shelf at eleva¬ 
tions of 220 feet—280 feet above sea-level. As has been pointed out in the 
introduction to this paper Woolnough regards these two laterites as being 
of the same age and origin, their differences in elevation being due to block- 
faulting. Simpson (1912, p. 400) considers that, broadly speaking, there 
are two classes of laterite in ’Western Australia, firstly the primary (or 
high-level) laterites and secondly the secondary or low-level laterites occur¬ 
ring at lower levels and composed largely of mechanically transported, frag¬ 
ments derived from the high-level laterite*. I am not aware whether or no 
Simpson had in mind the low-level laterites fronting the Darling Scarp in 
his mention of secondary laterite blit it seems from bis description that lie 
would regard the low-level laterite of Ridge Ilill as a secondary laterite 
(lateritite). 

Field mapping has shown that in this area the high-level laterite 
i- developed over the Pre-Cambrian complex whereas the low-level laterite 
has developed over the ferruginous sandstones described in the previous 
section of this paper. Moreover the low-level laterite appears to he a 
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true laterite developed in >itn on the ferruginous sandstones mid not a 
laterilito as suggested by Simpson for the low-level laterite* generally. 

(i) The high-level laterite varies in character according to the nature 
of |he underlying 1 Pre-Pambrian rocks. Jn one ])lace in the area where it 
overlies granite containing quartz veins it is crowded with large quartz 
fragments. When developed over granitic rocks it generally has a pisolitie. 
structure' and is comparatively light-coloured hut when over epidiorite 
(as at the norlh(‘Vn end of the high-level laterite outlier in the soutli-ea-t 
corner of tin 1 area) there i* no pisolitie structure but tilt* rock is somewhat 
cellular ami appears to bo richer in iron, these iron oxide patches being 
compact, fine-grained .and massive. All the high-level laterite? are under¬ 
lain by a highly woalherod (Icaolinised) /.one which pa>s<*s down into the 
mi weathered country rock* as described by Simpson (HH2), Analyse* of 
two high-level laterites are given ill T:ibl“ 1, cols. Ill and IV. Analysis 
III is of a laterite developed over epidioritc from the Ridge llill area. 
Analysis IV quoted from Simpson (1012, p. 404) is from (i<>n*eherry Hill 
which is -limited approximately one mile south of the Ridge Hill area, 
but no details of the exact locality are available. Through the' courtesy 
of I he Government Mineralogist and Analyst (Mr. II. Bowlev) I have 
been able to examine Simpson's analysed specimen—it is a dense reddish- 
brown rock with numerous iron-rich concretions scattered uniformly 
throughout. The Ridge Hill specimen (Analysis III) is a dense brownish 
coloured rock with occasional cavities producing a slightly cellular struc¬ 
ture but concretionary structures are absent. Chemically (he two rocks 
differ in the lower Pe \\1 ratio of the (Jooselrerry Hill rock. 


Table r. 

analyses of ferruginous sandstone and laterites from ridge hill. 



I. 

U. 

III. 

IV. 

SiO.A 

03 • 08 

44-87 

10-30 

0-41 

A1,0, . 

:M7 

24-03 

22-53 

30-74 

Pe.>0. ; . 

27-03 

14-82 

48-50 

30-80 

TiO., . 

0*90 

1 *25 

3-24 

1-08 

AEn(5 . 

0-02 

0 01 

0-05 

0-00 

a>Of . 

4-40 

14 01 

15*82 

1 14-03 

Others 


1 

... 

0-51 

| 

UK) -14 

100-19 

KMl -.io 

100-4:1 

^Combined SHL... ... ... ... 

i 

5-42 

8-18 

4-04 

1 97 


i'Loss on ignition. 


r. Ferruginous sandstone (22768). three feet hclmv latcriscd surface 
rock in quarry 25 chains north of Ridge Hill Siding. W.A. (Ana! 
U. T. I Vidor, j 

II. Low-level laterite (21359) overlying ferruginous sandstone, from quarry 
25 chains north of Ridge. Hill siding. W.A. {Anal. R. T. Prider.) 

HI. High-level laterite (22707) from northern end of outlier of the liiyln 
Jevel laterite, 45 chains smith-east of Ridge Hill siding W V 
(Anal. R. T. Prider.) 

IV. High-level laterite. Gooseberry Hill, W.A. (no further locality details, 
available), (Simpson, 1012. p.40-1.) 
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( 11 ) The low-level laterite occurs us a thin discontinuous layer above 
the ferruginous sandstones on the Ridge Mill Shelf. It has, on the exposed 
surface, a somewhat fragmental appearance but on breaking the rock these 
fragments are seen to be of ferruginous sandstone identical in character 
with the underlying ferruginous sandstones which have been described above. 
These fragments in a typical specimen (21359) which has been analysed 
average five mm. diameter ami they are coated with a dense layer of light 
brown, fine-grained and compact hauxitic material and the spaces between 
the fragments are largely tilled with this hauxitic material but some cavities 
remain giving the rock a slightly cellular structure. This surface latevitic 
cru*t passes down into the normal ferruginous sandstone at three or four 
feet below the ground surface and there can he no doubt that the laterite 
has formed in situ from the sandstones which in turn overlie the Pro-Cam¬ 
brian granitic rocks. These granites where'er exposed below the ferruginous 
sandstones (eg. at 4b chains north from Ridge Mill siding) are seen to he 
highly weathered (kaoliuisod) in tin* same way as the granites under the 
high-level laterite (the relationships of these roc-ks are illustrated in text 
fig. 3). 



Text tig. K.-W. section at 33 chains North of Ridge Ilill siding showing 
relationship of the I’rc-Camhrhm granites and epidiorites, ferruginous sand¬ 
stones and overlying low-level laterite, and the younger yellow sands. 


An analysis of the Ridge Mill low-level laterite is given in Table T. 
analysis 11 where it is compared with the analysis ol Lhc 1 uudeilying fer¬ 
ruginous sandstone (anal. I) and the high-level late fit es (anal. Jll and l\ ). 
It differs from the high-level laterites in its much higher silica content, due 
largely to the presence of abundant water-worn sand grains residual from 
the ferruginous sandstone from which it was developed, but also in part to 
a higher proportion of combined silica. Comparing the composition of the 
low-level laterite with the underlying ferruginous sandstone the most notable 
feature is the marked increase during laleritisation of the Al s O a /J‘e 3 0. latio 
ami the development of the hydrated oxides such as linionite and bauxite. 
In a consideration of the chemical changes sustained by the parent rock 
during the laleritisation process the only factor which may with some degree 
of certaintv be likely to remain constant is the quartz (tree silica) content 
In Table II the analysis of the laterite (column 2) has been recalculated 
to quartz =- 58.b 1, i.e. these figures would then represent (he number of 
grams of each constituent in a volume of the laterite which contains 58.5 
grams of quartz. Comparing these figures with those of the parent fer¬ 
ruginous sandstone (column 1) the gains and losses in the various con¬ 
stituents per 100 grams of the original sandstone may be determined 
(column 4). 
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Table II. 

CHEMICAL CHANGES IN THE FORMATION OF THE LOW-LEVEL LATE RITE. 



1. 

* 

2. 

i 

3. 

4 


ferruginous 
sandstone 
(Weight %) 

Low-level 
laterite 
(Weight %) 

2. recalculated 
to quartz 58-51 

Gains and losses 
during laterit¬ 
isation. 

(Gms/100 gins, 
of original rock) 

SiO, (Q uai , tz ••• 

“ \Coinbnied 

58-51 

36-69 

5S-51 


5-42 

8-18 

13-05 

+ 7-63 

A1 2 0 3 . 

3-17 

24-63 

39-27 

36-10 

Pe 2 0 3 . 

27-63 

14-82 

23-63 

— 4-00 

Ti0 2 . 

0-96 

1-25 

1-99 

+ 1-00 

jtfnO 

0-02 

0-01 

0-02 

• • • 

h 2 o. 

4-40 

14-61 

23-30 

+ 18-90 


100-14 

100-19 

159-77 

Gain 63-63 

Loss -4-00 

Xet Gain 




59 • 63gms. 

per. 100 gins, 
original rock. 


There lias been a slight loss in Fo,O a , slight gain in tilania and com¬ 
bined silica but very marked gains in alumina and water. The significant 
changes are those in the alumina and water content and these are in the 
molecular proportions alumina : water = 354 : 1050 i.e., 1 : 3 so that 
the material added to the original roek during the lateritisation process 
is essentially aluminium hydroxide (AI (OH)..). The source of this 
aluminium hydroxide is unknown—the ferruginous sandstones are poor 
in alumina but the alumina may have come from the underlying granitic 
rocks as there is only a thin veneer of sandstone, but on the other hand 
it may have been derived from an overlying shale or mudstone which has 
now been entirely removed by erosion. 

The low-level laterite is therefore a true laterite, and not a latevititc. 
due to the accumulation of alumina in the near-surface layer, formed in 
situ over the ferruginous sandstone. This laterite formation probably 
took place shortly after the sand-covered marine bench (the Ridge Hill 
Shelf) was elevated a few feet above sen-level. This was later than the 
formation of the high-level laterite. 

(3) The Yellow Srnuls .—The Yellow Sands constitute the youngest 
formation and are exposed in the westernmost part of the mapped area 
where they form an even gentle slope down to the level of the coastal 
plain to the west. The boundary between the yellow sands and the earlier 
rocks is irregular (see Plate I) thus precluding the possibility of a faulted 
contact, or fault scarp against which the sands have aeemnulaled. There 
is an abrupt change from the ferruginous sandstone and low-level laterite 
to the yellow sands and this has been well exposed by raimvash in a 
drain on the south side of the railway line at seven chains soulh-weS\t 
from the 14-mile peg. Over the laterite this drain is two feet deep but on 
reaching the boundary with the incoherent yellow sand it deepens abruptly 
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to about 12 feet. Downstream from this point the gulley continues as a 
narrow washout four feet wide by 12 feet deep which is roofed by the 
roots of the adjacent jarrah trees (text fig. 1). 



text fig. 4.—Washout in yellow sand, seven chains south-west from the 14-mile 
railway peg. The very recent development of this feature is evident from 
the uncovered roots of the nearby jarrah trees. 

Tile yellow sand profile exposed consists of 12 to 18 inches of light grey 
sand with plant roots, the remainder of the profile consisting* entirely of 
vellow sand in which there is absolutely no sign of bedded structure, the 
whole profile consisting of sand of uniform texture from top to bottom of 
the exposed section. Throughout the sand at intervals of several inches 
are small nodules of more compact material averaging % inch diameter 
which project from the vertical sand face. These nodules which can be cut 
through with a knife consist of the sand weakly cemented with reddish iron 
oxide. On cutting a fresh surface with a hatchet they appear only as red¬ 
dish iron-stained spots with a gradual transition to the yellow sand. It is 
only where they have been exposed to the atmosphere on the walls that a 
slightly hardened surface has been formed on them. At the bottom of the 
section exposed in (lie washed out drain the sand contains an abundance of 
these nodules, in some places aggregated to nodules several inches in 
diameter. These larger aggregates are weakly cemented and can be broken 
across with the fingers. They contain a higher proportion of fine-grained, 
light brownish to greyish clayey material. They appear to have been enriched 
in alumina with respect to the surrounding sand and if this material which 
in places was slightly damp were desiccated it would he similar to non-con- 
cretionary laterite. It would appear then that with the development of 
these aluminous nodules at the base of the exposed profile and of the small 
iron-stained patches throughout the mass of the sand incipient lateritisation 
is taking place within this sand deposit. 
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The yellow sand throughout the mapped area appears to be constant 
in character, wherever exposed in small pits the profile is similar, i.c. a thin 
surface layer of grey sand underlain by the structureless yellow sand. Map¬ 
ping of this formation was facilitated by the niunerous small anthills of 
bright yellow sand bronchi up from below the surface grey sand. The 
yellow sand possesses the ability to stand up in vertical walls such a- the 
walls of a pit and in this respect and in its structureless profile it very 
closely resembles the yellow sand deposits of the Perth Metropolitan Aren. 

What is the origin of this sand / It is (i) n residual sand derived from 
the low-level lateritc and ferruginous sandstone, (ii) a deposit of the saury 
origin as the yellow sand of the Metropolitan Area or (iii) an aeolian de¬ 
posit against tin* Darling Scarp? 

These various hypotheses were tested by making mechanical analyses, 
heavy mineral separations, shape analyses and an examination of the surface 
textures of (lu* sand grains of the Ridge Hill yellow sand (two sample-) and a 
yellow sand from the vicinity of the Department of Geology at Grawb-y 
(since no data exist concerning the yellow sand of the Metropolitan Area), 
on the lines described above for the acid-insoluble fraction of the Ridge Tliil 
ferruginous sandstone. The results of tlie>e determinations are set down 
in Tables 111, IV and Y and the histograms of figure- live and six. 

Trask (1022, p. 72) considers that if the coefficient of sorting is less 
than 2b the sample is well sorted all the samples examined (see Table 
iV) therefore are well sorted. Moreover in all cases the maximum sort¬ 
ing lies slightly on the line side of tin* median as evidenced by the co- 


Taiilk UT. 

MECHANIC A L ANALYSIS OF YELLOW SANDS, 
(hand sicviiur with Tyler screens.) 


Grade. % by weight of grades indicated. 


✓- 

Tyler screen 
mesh. 

■ V " 

Size (mm.) 

A. 

B. 

c. 

D. 

5- 9 

> 1-981 

XU 

XU 

0 81 

XU 

9- Hi 

■991-1 9S1 

0 58 

i 44 

2-88 

0-04 

10- 22 

•495- -991 

10-50 

12-82 

12-22 

0-70 

22- 00 

•24(5- -4 95 

50-01 

27-42 

40-40 

48-03 

00-115 

124- -24(5 

o«>. O.) 

20-90 

23-11 

30-41 

115-250 

•0(51- 124 

'2-47 

11 • 85 

7-12 

3 • 02 

< 250 

< 001 

2 ■ 50* 

11 50* 

0-20* 

11 20* 


*By difference. 

A. Yellow sand (22801), Geology Department, Crawley. 

B. Yellow sand (21304), from wall of gullev, 7 chains south-west from 14-mile peg. 
Ridge Hill. 

C. Yellow sand (22802), north-west corner Loc. 129S, Ridge Hill. 

D. Acid-insoluble residue from ferruginous sandstone (22798), Ridge Hill. 


















The CJeologv of the Darling Scaup at Ridge Hill. 


121 


Table IV. 

First, second (Median) and third quartiles and coefficients of sorting (So) and 



skewness (8k) of sands of Table 

111. 


Sample. 

Q3 

(mm.) 

M 

(mm.) 

Ql 

(mm.) 

Ho 

Sk 

A. 

•409 

•341 

♦ 22 d 

1 444 

•907 

B. 

•417 

• 243 

•130 

1*701 

•018 

e. 

•450 

•31b 

104 

l • d23 

• 863 

T). 

•38-1 

•263 

172 

1-494 

054 


efficients of skewness (Table IV). If the secondary alloplianoid of the 
ferruginous sandstone be disregarded it will he seen that 1 he grading of 
the detrital material of the ferruginous sandstone R of still higher degree 
than that of* the yellow sands. The mechanical analyses indicate that 



Text tig. 5.—Histograms showing: — (1) Mechanical composition. (2) Heavy 
mineral content. (3) Average visual projection roundness in different 
grades (dO grains measured in each grade). (4) Average visual projection 
.sphericity in different grades (50 grains measured in each grade) of: — 

A. Yellow sand, Crawley, W.A. (22804). 

B. Yellow sand, Ridge Hill, W.A. (21864). 

C. Yellow sand, Ridge Hill, W.A. (22802). 

JJ. Insoluble residue in ferruginous sandstone, Ridge Hill, W.A. (2270S). 
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A. B. C. D. 


Text fig. <». Histograms o f visual projection roundness and visual projection; 
sphericity (-based on measurement- of 200 grains) of: — 

A. Yellow sand, Crawley, \Y.A, (22804). 

1>. Yellow sand, Ridge Hill, \V.A. (21364). 

C. Yellow sand, Ridge Hill, \Y.A. (22802). 

D. Insoluble residue in ferruginous sandstone, Ridge llill, \Y.A. (22708). 

there is some variation in the morhanieal composition of the Ridge Hill 
yellow sand. There are no available data concerning the variation in 
composition of the metropolitan yellow sand. In their mechanical com¬ 
position all the samples examined are very similar. The ferruginous sand¬ 
stones however contain, as has been noted above, an allophanoid with 
tuberose form—this material is absent from the yellow sand. That this 
allophanoid persist* in the soils formed over the ferruginous sandstones 
and low-level laterile is evidenced by its presence in the pebbly and sandy 
soil overlying the low-level laterite or ferruginous sandstone from a 
locality live chains south-west from the 14-mile peg on the railway line i.e. 
two chains east of the eastern boundary of the yellow sand. The presence 
of this allophanoid in the soils over the ferruginous sandstones and low- 
level laterite and its absence in the yellow sand two chains farther west 
indicates that the yellow sands are not residual deposits from the ferru¬ 
ginous sandstone series. 

The heavy mineral separations indicate that the yellow *amls of Ridge 
llill contain a much higher proportion of “heavies’* than the Crawley 
Mind but in both tin* Ridge llill and Crawley sands the “heavies M tend to 
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1)0 concentrated in the 1L5-120 mesh grade whereas in the ferruginous sand¬ 
stone they are most abundant in the 60-115 mesh grade (see text lig. 5). 
Tin* minerals present in the heavy fractions of all samples examined appear, 
except for the abundance of epidote in the Crawley sand, !o be similar 
(Table \ ) even to the varietal features, indicating* a common provenance 
tor all >amples, 

Notes on the Heavy Minerals.—The magnetic fraction consists partly 
ot strongly magnetic ntorjnetite and partly of weakly magnetic ihnenile , The 
dominant constituents of the non-magnetic fractions of all samples are 
opaque minora.s of which loncorrue is predominant. The Icucoxene is cloudy 
and slowly soluble in hot sulphuric acid, the resulting solution yielding posi¬ 
tive tests for titanium. 

The non-opaque minerals arc:— 

Zf.cou. This is tlu* predominant non-opaque mineral in all samples ex¬ 
amined. Then* are two distinct types: (a) perfectly rounded, cohairless. 
and (h) enhedral prisms which may occasionally show signs of slight 
abrasion. The enhedral type includes colourless, colourless with rodlike 
inclusions, deep purple, and pale yellowish zoned varieties. The purple 
zircons are particularly characteristic of the Ridge Hill ferruginous sand¬ 
stone but some occur in the yellow sand of the Coastal Plain. All samples 
contain both well rounded and enhedral types of zircon. 

Kjinnite is also present in all the samples examined. Generally colour¬ 
less but a few grains of blue kyanite were noted in the residue from the 
ferruginous sandstone. The kyanite occurs in stout prisms and tablets with 
well rounded terminations, 

Sian-rtAUe in plcochroic yellow-brown grannie- of somewhat irregular 
shape never shows the high degree of rounding of the zircon and kyanite. 
It. appears in all the sands examined but seems to be confined to the coarser 
grades. 

Untile in deep reddish brown prisms, often well rounded was noted in 
all samples. 

Epidote was the most abundant non-opaque mineral in the Crawler 
yellow sand. In tin* other samples it was very rata* except in the finest 
grade ( - 250) of (lie yellow sand from tin* south end of (In* Ridge Hill 

area (sample C.) where it is very abundant in tiny angular grains. Tin* 
epidote in the Crawley sand is in stout prisms showing very little sign of 
abrasion. Tin* abundance of epidote in tin* Crawley sand is tin* main point 
of difference between this sand and the Ridge Mill sands. 

Tourmaline , generally well-rounded, is present in all samples although 
never abundant. The mo<t common variety is a strongly plcochroic clove 
brown tourmaline. A few greenish brown tourmaline grain* were noted in 
sample C. (Ridge Hill). 

Sillimnvife was noted only in the Crawley sand and ferruginous sand¬ 
stone. It is in colourless fairly -tout prisms. 

71 orubleude is of rare occurrence and confined to the coarsest fraction- 
examined. Both brown-green and greenish varieties were noted. 

PlrniKifitr in wel 1 rounded, green, isotropic highly refracting grains is 
of* rare occurrence. 





TaALJ-1 Y, 

Heavy Minerals in Sands and Ferruginous Sandstone. 
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Gamet is also very rare, in rounded eolourle.ss to pale pink grains. 

Moncmtc in perfectly rounded, pale yellow grains is most abundant in 
the ferruginous sandstone, but even there is comparatively rare. 

Shape analyses indicate that all samples show similar characteristics. 
As indicated in figure six the average sphericity is constant in all grades 
for each of the samples examined and the average round ness decreases with 
diminishing grain size in all samples. Figure six shows the distribution 
of sphericity and rouiulucs« in the whole sample and it will be noted that 
there is a greater spread jn the degree of rounding of the grains of the 
ferruginous sandstone* than in the yellow ,-mnds—this is the only appreciable 
difference in the shape analyses. The similarity in the various samples in¬ 
dicates that so far as the factors affecting shape are coucerned they all had 
a common type of origin. 

Examination of the surface textures of the grains in these different 
samples revealed the following:— 


Sample 

and 

Grade. 

Surface Texture 

CO-115 mesh. 

(*-f mm.) 

32-BO mesh. 

(]—i mm.) 

1 

10-32 mesh. 

(1-1 mm.) 

A. 

22804 

Yellow 

sand 

Crawley. 

5% of grains well 
rounded, smooth, high 
]>o ish. hut a few grains 
are frosted. 95% 

rough, vitreous frac- 
1 u r o s u r f a e o s 4 
Heavies ” show 

marked rounding and 

high polish 

10% smooth, frosted 
with later superim¬ 
posed polish. 00% 
rough, vitreous fra- 
tu re surfaces 

90% smooth, frosted 
crescentic percussion 
marks common. 10% 
rough, vitreous frac¬ 
ture surfaces 

B. 

213(54 

Yellow 

sand. 

Ridge 

Hill. 

5% well rounded, 
smooth, polished, few 
grains frosted, some 
with percussion marks. 
95% rough vitreous 
fracture surfaces. 

Heavies ’ ’ show 

marked rounding and 
high polish 

Higher proportion of 
smooth grains than in 
CO-115 grade. Smooth 
grains frosted hut 
some are polished. 
Rough grains slightly 
frosted 

80% smooth, all frosted 
with slight superim¬ 
posed polish. Per¬ 

cussion marks com¬ 
mon. 20% rough, 

polished to slightly 
frosted 

C. 

22802 
Yellow 
sand, 
Loe. I29S, 
Ridge 
Hill. 

5%-l0% well rounded, 
smooth, polished to 
slightly frosted. 90%- 
95% slightly rounded, 
rough, polished or 
vitreous fracture sur¬ 
faces 

Similar to 60-115 grade 
hut much higher pro¬ 
portion of rounded 
grains with .slightly 
higher degree of frost¬ 
ing. Crescentic per¬ 
cussion marks on 
many rounded grains 

Similar to 32-00 but 
degree of frosting on 
rounded grains is 

higher. A polish seems 
to he superimposed on 
the frosting. Percus¬ 
sion marks common on 
rounded grains 

1). 

22798 
Insoluble 
residue 
from fer¬ 
ruginous 
sandstone 
Ridge Hill 

5% rounded, smooth, 
polished, often pitted 
but not frosted. 95% 
rough, polished or 
vitreous fracture sur¬ 
faces. Contains small 
amount of tuberose 
allophanoid 

50% rounded, smooth, 
polished, often pitted, 
a few grains frosted, 
sonic with crescentic 
percussion marks. 
50% rough with 

polished or vitreous 
fracture surfaces 

90% rounded, smooth, 
dull to polished with 
minute pitting and 
crescentic percussion 
marks. 10% rough 

with polished or vitre¬ 
ous fracture surfaces 































RjWX T. PlilDER. 


120 


The examination ot* the surface textures indicates that the fine sand 
grains of the ferruginous sandstone show no appreciable frosting. In the 
yellow sands on the other hand frosting is common down to grains y±mm. 
diameter. Moreover all the yellow sands exhibit similar features so far as 
the surfaces of the grains are concerned, the proportion of rounded grains 
and the degree of frosting of such grains increasing with increasing grain 
size. 


The yellow colour of the sands is duo to a very small amount of iron. 
When the yellow sand is healed it changes to a brick red colour. Deter¬ 
minations of the iron content responsible for tlm yellow colouration of tin* 
Crawley and Ridge Hill sands were made by first removing the magnetic 
minerals (magnetite and ihnenite) and leaching the residue with warm 
HCI and determining the iron content of the material leached out. The 
results were as follows:— 

Yellow sand, Crawley (22804) : 0.80% Fe,0,- 
Yellow sand, Kidge Hill (21H64): 0.48% TWO,. 

From the above considerations of mechanical composition, heavy 
minerals, shape and surface texture of grains, the ferruginous sandstones, 
in view of the absence of frosted surfaces On the fine sand grains and the 
presence of the tuberose allophanoid, together with the different size distri¬ 
bution of the heavy minerals and the better grading than the yellow sands, 
must be regarded as differing in mode and time of origin from the uncon¬ 
solidated sands. Their provenance however (as evidenced bv the heavy 
mineral species) was similar to that of the yellow sands. In all ways 
except in their higher heavy mineral content the yellow sands of Ridge 
Hill are similar to the only examined sample of yellow sand from the 
Metropolitan Area and each of these must, until further evidence to the 
contrary he brought forward, be regarded as belonging to the same forma¬ 
tion. The presence of frosting on grains less than one mm. diameter 
(grains down to 1 \ mm. are frosted) L indicative* of neolian transporta¬ 
tion (Twenhofol, 194-1, p. (>7). The yellow sands of the Metropolitan Area 
have not previously been examined in detail although Esson (1020, p. 14) 
suggests that they are dune sands. It may rather bo that they are resi¬ 
duals from the disintegration of the Coastal Limestones. Pending further 
investigation it is impossible to say whether the yellow sands of Ridge 
Hill are sands blown from the sea beach and banked up ^against the 
Darling Scarp or are residual deposits from the Coastal Limestones (hi 
which the sand grains may prove to have suffered aeolian transport). 
The complete absence of bedded and other structures in these yellow sands 
seems to indicate tin* latter. The observation that the Ridge Hill sands 
have a much higher heavy mineral content than the yellow sands of the 
Metropolitan Area- also seems to indicate that the sands fronting the 
scarp are residual rather than sands blown from the west, in which case 
they would be expected to have a lower heavy mineral index than the 
sands of the Metropolitan Area. If the Ridge Ilill sand be residual from 
the Consul Limestone Rories it means that the Coastal Limestone once 
covered the entire plain in this region or that there were belts of coastal 
limestone representing successive shore lines. 
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IV. SUMMAMY AND CONt'Ll SIGNS. 

(a) Geological history. —The geology of the avea has been described and 
the geological history may be summarised as follows:— 

(i) The oldest rocks exposed are granites, of which there are two 
main phases:—a coarse-grained porpliyritie and slightly gneissic granite 
and a medium even-grained massive granite. The gneissic type is the 
older of the two but both are considered to be comagmatic and to belong 
to the Younger Granite period (late Avchaeozoic). 

(ii) The granites have been considerably sheared after their emplace¬ 
ment. These shears, because of their Pre-Cambrian age, cannot be related 
to the hypothetical Darling Fault. 

(iii) In Proterozoic times igneous activity is represented by the intru¬ 
sion of epidiorite dykes. 

(iv) There is a complete blank in the succession until late Mesozoic 
times at least when it is probable that, the ferruginous sandstones were 
deposited on a wave-cut platform and that the eastern boundary of the 
ferruginous sandstone series represents the shore-line in these times. 

(v) The next event recorded is the formation of the high-level laterite 
on a peneplaned surface, probably in Miocene times. 

(vi) An uplift of the area of the order of 400 feet took place in late 
Miocene times and differential erosion of the soft jocks (Mesozoic and later) 
to the west and the hard rocks (Pre-Cambrian) to tlu* east led to the forma¬ 
tion of a low lying coastal plain (the Midge Hill Shelf) or alternatively, 
if the ferruginous sandstones are not of Mesozoic age, the development by 
marine erosion of a marine platform (tin* Midge. Hill Shelf) covered with 
a thin veneer of beach deposits which have later been cemented with fer¬ 
ruginous material to yield the ferruginous sandstones and conglomerates. 

(vii) The area was then elevated slightly until the Midge Hill Shelf 
stood slightly above sen-level and the low-level laterite developed in situ on 
thus newly emerged terrain. 

(viii) The area has since been raised approximately 250 feet, after 
which much of the ferruginous sandstone series was removed by erosion, 
especially that part which previously extended across the present Helena 
valley. 

(ix) Contemporaneously with these upward movements of the plateau 
to the east there was continual subsidence (dowmvarping) of the area lying 
to the west, of the Scarp and deposition jn this subsiding trough of the 
Tertiary deposits of the Swan Coastal Plain. 

(x) l'n com para lively recent times the yellow sands have accumulated 
either as aeolian deposits blown against the erosion escarpment capped by 
the low-level laterite or by deposition of the Coastal Limestone formation 
against this escarpment and the subsequent leaching of the calcareous cement 
yielding the structureless, unconsolidated yellow sands. As has been in¬ 
dicated on a previous page those sands are not residual from the disintegra¬ 
tion of th<' ferruginous sandstones. 

(xi) Laterite formation appears to be taking place within the yellow 
sands at the present day. 
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The shadure of Hie Darling Scarp and Coastal Plain based on the 
assumption that the ferruginous sandstone series is of Lower Cretaceous age 
is shown diagrammatic-ally in text fig. 7. 



Text tig. 7.—Diagrammatic section (not to scale) of the Coastal Plain artesian 

basin on the assumption that the Ridge Hill ferruginous sandstones are of 

Lower Cretaceous age (comparable with the Ttullsbrook sandstones). 

(b) The Darling Scarp .—Previous authors have considered that the 
“fault.’’ hypothesis for the origin of the Darling Scarp is supported bv 
evidence of shear structures in the Pre-Cambrian rocks (Saint-Smith, 1912, 
p. 71 ; Blatcliford, 1912, p. 59) and by the high and low- level laterite.s which 
were considered to lie an indication of block faulting (AYoolnough, 1920. 
p. 10). The main conclusions drawn from the evidence set down in this 
paper are:— 

(i) There are no structures in the Pre-Cambrian rocks which can be 
related to the supposed Darling Fault. The shear structures are considered 
to be of late Arehaeozoic age since some of them have been replaced by 
quartz veins which are intruded by late Pre-Cambrian epidiorites, and hence 
much older than the postulated Darling Fault. Moreover they deviate 
very considerably from the direction of the Darling Scarp. 

(ii) The high- and low-level lattwites were formed at different periods 
and are no indication of block faulting and therefore yield no evidence in 
favour of the Darling Fault hypothesis. 

(iii) It has been shown that no fault exists between the eastern and 
western edges of the area mapped and therefore if the Darling Fault 
exists il must be situated some distance to the west of the Ridge Hill 
Area where it is covered by the yellow sands. 

Tf these conclusions are valid there is no positive evidence for the 
existence of the Darling Fault. Moreover all the observed characteristics 
of the scarp are explicable by differential erosion of the hard Pre- 
Cambrian rocks to the east and the softer later rocks to the west of the 
scarp. 
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